Oscillation of motor function is an almost inevitable occurrence after prolonged levodopa treatment for Parkinson's disease. Following oral doses of levodopa, the failure of smooth control of motor function has previously been described to take the form of a gradual deterioration from an initial "long duration" response of many hours to increasingly prominent "wearing off " effects after a few hours and finally to abrupt and seemingly random "on-off" oscillations.' It has been suggested that this is caused by progressive reduction in the amount of levodopa converted to dopamine and stored in nigro-striatal terminals.2 If this is so, residual dopamine storage capacity, in proportion to the number of surviving nigral neurons, should determine the duration of motor response to levodopa doses.
Asymmetry ofclinical features is a common finding in Parkinson's disease. Many patients have unilateral motor deficits at the time of onset of symptoms.3 Bilateral motor involvement usually develops with increasing disease duration and most patients who have significant motor oscillations have more advanced disease. However, clinical asymmetry is still found late in the course of the disease, with more marked extrapyramidal involvement on the body side first affected.4 If degeneration of nigral neurons remains asymmetrical in the later stages ofParkinson's disease, then a mechanism of reduced conversion and storage of administered levodopa as a cause for declining duration oflevodopa motor response would predict an earlier wearing off effect on the side initially affected.
The purpose of this study was to examine the pathology of Parkinson's disease with respect to asymmetry of nigral degeneration and to relate this to the time course of levodopa motor response in Parkinsonian patients with motor oscillations and clinical evidence of disease asymmetry.
Patients and methods

Pathological study
Brains from 21 patients (13 Clinical study Time from levodopa/carbodopa dose until waning of motor response ranged from 2 to 6-5 hours. In no case was was there evidence of earlier wearing off of motor response on the initially and worst affected body side. A typical profiile oflevodopa motor response is shown in fig 2. In most cases, the wearing off phase spanned several tapping count measurements, making it unlikely that asynchronous wearing off was missed by motor assessments at 15 minute intervals. Two patients showed conspicuous motor asymmetry during wearing offphases with apparent prolongation of improved motor function on the worst affected body side. This side showed transiently better tapping counts and persistence of dyskinetic movements at a time when contralateral limb tremor had returned. However, the pattern of serial measurements (fig 3) revealed that the onset of declining motor function was simultaneous for both body sides.
The pathological studies suggest that patients with Parkinson's disease of asymmetrical onset may have significant asymmetry of the number of surviving nigral neurons late in the disease course. Asymmetry was of the order of a 25% reduction in the substantia nigra contralateral to the initially more affected body side with respect to the less affected side. Despite this significant difference, six out of21 brains examined did not show the expected asymmetry. The clinical information available on pathologically examined cases did not allow quantitation of degree of motor asymmetry and this may have been mild in some patients. Alternatively, minor errors in cutting perpendicular midbrain sections could have led to comparison of different nigral regions between sides and masking of asymmetrical nigral cell loss. Counting of nigral neurons in whole midbrain sections by this technique may also underestimate the degree of degeneration of cells projecting to the ipsilateral putamen. Striatal dopamine deficiency is most severe in the putamen in Parkinson's disease7 and animal neurophysiological studies suggest that the putamen is of major importance in mediating the motor functions of the basal ganglia.8 Cell loss in the substantia nigra is not uniform, preferentially affecting cellular regions with synaptic connections in the putamen.9 Thus the degree of asymmetry in these regions of the substantia nigra may be greater than is suggested by whole nigral neuron counts. Neuro-imaging studies using labelled levodopa confirm that striatal neurochemical asym- 
